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Introduction 
The t h r e e  i n h i b i t o r  s tud ies  presented here  have l i t t l e  in common 
save t h a t  they a l l  i n a c t i v a t e  substances e x i s t i n g  i n  nature.  The 
f i r s t  is  organic, a p lant  product and unique t o  an ancient  group of 
p lan t s  of b a s i c  evolutionary s igni f icance .  Further,  f o r  a specfalLzed 
n a t u r a l  product ,  a content of near ly  one per cent  by weight of  p s i l o t i n  
is exceptional ,  The second paper continues e a r l i e r  work on k - t o x i c f t y  
and is addressed t o  t h e  quest ion of enzymatic Mn-detoxification and i ts  
s igni f icance  r e l a t i v e  t o  o the r ,  r e l a t e d  elements. 
The t h i r d  a r t i c l e  presents  new data  on an old  problem - the 
mechanism of D20 t o x i c i t y .  The novel f e a t u r e  of t h e  present  work 
is i n  t h e  demonstration of d i f f e r e n t i a l  e f f e c t s  of moderate D20 
l eve l s  on t h e  ak ine t i c s .  
Each one of these  s u b j e c t s  could by i t s e l f  form a s t a r t i n g  point  
f o r  an extended program of research. Thus t h e  proper t ies  of psilotin 
suggests t h a t  it might be of ecological  importance i n  reducing compet- 
i t i v e  pressures i n  stands of t h e  p lan t  species  bearing i t  and the 
existence of mechanism f o r  p r e c i p i t a t i o n  of Mn02 may deternine 
species  d i s t r i b u f i o n  i n  Mn-rich s o i l s .  The experinents with D20 
involve higher concentrations than those t h a t  a r e  ever  t o  be f o m d  
on t h i s  p lanet .  Nevertheless, some novel e f f e c t s  of p a r t i a l  
deuterat  ion  a r e  made q u i t e  evident .  
Biologica l  Ac t iv i ty  i n  P s i l o t  i n ,  a Phenol ic  
Glucoside from the P s i l o t  a l e s  
P s i l o t i n ,  6- [ 4 '  -B-D-glucopyranosyloxyphenyl] -5,G-dihydro-2-0x0-- 
2H-pyran , was f i r s t  i s o l a t e d  by l.lclnnes, Yoshida and Towers i n  19 65 
from Psi Zotwn n ~ d w n ' .  Subsequently , Ts e and Towers i s o l a t e d  t h e  
compound froni Tmesipteris t m e n s i s  bu t  repor ted  it t o  be  absent  
from lycopods2. PlcInnes, e t  aZ. c a l l e d  a t t e n t i o n  t o  t h e  common 
s t r u c t u r a l  r e l a t i o n s h i p  between p s i l o t i n  pa ra so rb i c  ac id  and massoi-a 
l a c t  one, namely t h e  aB-unsaturated 6- lactone r ing .  Evidence f o r  
growth i n h i b i t o r y  a c t i v i t y  i n  such s t r u c t u r e s 3  l e d  t o  t h e i r  sugges- 
t i o n  t h a t  p s i l o t i n ,  t oo ,  might be  b i o l o g i c a l l y  ac t ive .  We can now 
repor t  t h a t  p s i l o t i n  is i n  f a c t  an  a c t i v e  i n h i b i t o r  toward a variety 
of organisms and processes .  
Experiment a 1  m a t e r i a l s  used i n  t h e  survey inc luded  seeds o f 
t u r n i p ,  l e t t u c e  and onion; c u l t u r e s  of E. co l i  and PeniciZZiwn 
notatwn; c y s t s  of t h e  b r i n e  shrimp Artemia sazina; and l o c a l  collec- 
t i o n s  of  t h e  c rus tacean  Dqhnia and t h e  mi l l i pede  Oddus. Seed and 
s e e d l i n g  tests were c a r r i e d  out  on moist  f i l t e r  paper;  E. cozi plates 
were t e s t e d  us ing  a n t i b i o t i c  disc assay;  response o f  PeniciZZi~m was 
t e s t e d  by r a d i a l  growtll on n u t r i e n t  p l a t e s  ; excys tment of Arte&a 
was followed on sal t  wa te r  agar ,  Protozoans were examined microscop- 
i c a l l y  f o r  locomotory changes o r  l o s s  of c e l l  i n t e g r i t y  a f t e r  treat- 
ment w i t h  p s i l o t i n .  
Seed germination, s e e d l i n g  growth; locomotory a c t i v i t i e s  i n  
Daphnia and O x i d u s ;  and excystment of Artenria were a l l  i n h i b i t e d  
t o  some degree by p s i l o t i n ,  whereas PeniciZZiwn, E. coZi, and t h e  
protozoa showed no apparent  response, even a t  1 0  mmoles/l (Tal2le 1). 
Comparing ID50 values  obta ined  by i n t e r p o l a t i n g  t h e  50 pe r  
cent p o i n t  i n  dose-response p l o t s ,  t h e  e f f e c t i v e n e s s  of  p s i l o t i n  
upon t h e  a q u a t i c  animals appear  g r e a t e r  than  on t h e  m i l l i p e d e  
(Table 2 ) .  I t  should a l s o  be  noted,  however, t h a t  Daphnia is fa r  
more s e n s i t i v e  than  Artemia. The g r e a t e r  apparent r e s i s t a n c e  of 
Oxidus may r e l a t e  t o  a lower r a t e  o f  uptake o f  p s i l o t i n  from the  
moist f i l t e r  paper  substratum. 
P lan t  responses were also given more d e t a i l e d  a t t e n t i o n .  
Seed germinat ion w a s  s i m i l a r l y  i n h i b i t e d  i n  a l l  t h r e e  spec i e s  
(Table 3) .  Seeds h e l d  f o r  4-6 days a f t e r  peak c o n t r o l  g e m i n a t i o n  
f a i l e d  t o  y i e l d  a d d i t i o n a l  s e e d l i n g s ,  hence were considered dead 
o r  i n  a s t a t e  of extreme dormaocy . 
A t  a concent ra t ion  of 10  mmoles/l, p s i l o t i n  i n h i b i t e d  t u r n i p  
and l e t t u c e  germinat ion completely and l i m i t e d  onion t o  only 1.2 
pe r  cen t .  
I n  gene ra l ,  roo t  l eng th  was more s e n s i t i v e  t o  p s i i o t i n  than 
o t h e r  growth parameters  i n  each s p e c i e s ,  and i n h r i i t i o n  of l i n e a r  
growth d i f f e r e d  more among spec i e s  t han  o v e r a l l  f r e s h  weight.  
D i f f e r e n t i a l  organ s e n s i t i v i t y  was most ev ident  i n  t u r n i p  (Fig. 1) 
Table I. A Survey of Inhibi tory  Ef fec t s  of P s i l o t  i n  
Organism Process Lowest Effect ige  Obs ervat Lon 
Concenr ra t ion  Period 
(mmoles/l) ghrs) 
Seeds ge d n a t  ion 1.0 
Seedlings grotah 0.1-1.0 
Peni c i  Z Ziwn growth In. b 
E. coZi growth In.  
Ameba l o  cornor ion In. 
Paramecium locomotion In. 
Q&dus locomot ion 1.8 
Artemia excys t ment 1.0 
locomotion (adults)  1.0 
Daphnia locomot ion  0.1 
a For i n h i b i t i o n  > 10 per  cent.  
b~ompound completely inac t ive  a t  10 maoles /1, highest  concentrat ion 
used rout inely .  
Table 2 .  S e n s i t i v i t y  o f  Inver tebra tes  t o  Immobilization by Psi lot : in 
Organism Exposure 
(hrs)  
a IDs0= concentrat ion required t o  immobilize 50 per  cent  of t h e  t e s t  
population determined by graphical  in te rpo la t ion  of dose-response 
data. 
Table 3.  Inh ib i t ion  of Seed Germination and Seedling Growth by PsdSokirz 
Species 
Germinat i on  Seedling growth ( 7  days) 
f resh w t  . root lengch shoot l eng th  
Turnip 5.2 ( ~ 4 ) ~  2.2 
Onion 1.6 (48) 3.1 
Lettuce 1.6 (72) 3 .4  
a See footnote a, Table 2. 
b ~ i g u r e  i n  parenthesis  gives time i n  hours f o r  maximurn germination. 
Fig.  1. Turn ip  s e e d l i n g s  a f t e r  7 days.  C u l t u r e d  a t  25OC i n  (A) water, 
o r  p s i l o t i n  a t  1 . 0  (B) , 3.0 (C) and 10.0  (D) mrnoles/l. 
which shows, wi th  i n c r e a s i n g  p s i l o t i n  l e v e l ,  a f a r  g r e a t e r  suppres-  
s i o n  of t h e  root  and its appendages than of t h e  shoot .  
The r epor t ed  p s i l o t i n  content  of  0.13-1.22 per  cent  ( f r e s h  
weight) l a 2  marks t h i s  compound as a major n a t u r a l  product i n  the 
P s i l o t a c e a e .  The ex i s t ence  o f  its wide spectrum of  i n h i b i t o r y  
a c t i v i t i e s  may b e  e n t i r e l y  f o r t u i t o u s .  However, a r o l e  i n  ecolog- 
ical  o r  b i o t i c  r e l a t i o n s h i p s  o f  t h e  group c e r t a i n l y  is  worthy o f  
cons idera t  ion. 
The authors  express  t h e i r  thanks t o  D r .  G. H. N. Towers, 
Department of Botany, Univers i ty  o f  B r i t i s h  Columbia, f o r  a 
generous sample o f  p s i l o t i n .  
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Toxicology and Metabolism of l!k (11) 
A t  t h e  conclusion of t h e  previous report  on manganese (Hawaiian 
Botanical Science Paper, No. 20, Ju ly  1970, pp. 9-15) it was noted 
t h a t  seeds germinated i n  low concentrat ions of p-chloromercuri- 
benzoate (PCMa) , sodium azide md f luoroaceta te  (FLA) had appreciably 
longer roots  than the  controls .  We have endeavored t o  repeat  t h i s  
r e s u l t  and have not succeeded i n  confirming t h e  r e s u l t  using ei ther  
pea o r  cucumber seeds (Tables 4 ,  5 and 6) .  W e  have Seen unable t o  
asce r ta in  what w a s  the reason f o r  t h e  previously reported r e s u l t ,  
The experiments using KCN a r e  being repeated. 
I t  has been repeatedly noted by t h e  sen io r  author and others 
t h a t  t h e r e  i s  a cor re la t ion  between t h e  a b i l i t y  of  t h e  peroxidase 
enzyme t o  ca ta lyse  t h e  oxidation of various subs t ra tes  and t h e  
phylogeny of t h e  chlorophyte l i n e  of p lan t s .  
This prompted an inves t iga t ion  of t h e  capab i l i ty  of  various 
u plan t s  t o  oxidize  Mn . This work was  separated i n t o  two p a r t s .  
F i r s t l y ,  an inves t iga t ion  using flowering p lan t s  and secondly using 
o t h e r  p lan t  material .  
Seeds of  cucumber, pea,  t u r n i p ,  red b e e t ,  c&bage, tomato, 
onion, l e t t u c e ,  por tu laca  and phlox when grorm in I O - ~ M  MnC12 
show deposit ion of Mn02 i n  various p a r t s  of t h e  seedlings.  The 
seeds of win te r  rye and kidney bean show no deposit ion of Mn02 
Table 4. The percentage gemina t ion  of pea seeds a f t e r  5 days growth 
i n  various concentrations of metabolic i n h i b i t o r s  i n  t h e  presence 
o r  absence of 10mY & h C 1 2 .  





Concent r a t ion  (M) 
10- 10- 10.- " 0 
Water 89 
Table 5. The length of the  longest  root  of pea seedlings grown 
f o r  5 days i n  various concentrat ions of  metabolic i n h i b i t o r s ,  






Table 6 .  The percentage germination and length  of  t h e  longes t  root 
of cucumber s eeds  grown f o r  5 days i n  var ious  concent ra t ions  s f  
metabol ic  i n h i b i t o r s .  
Metabolic i n h i b i t o r  Concent r a t i o n  (M) 
10- 10- 10- ' 0 
a ,  Germination 
PCMB - 9 8 98  98 96 260 
IAk 89 9 8 9 9 100 9 8 99 
DHP - 100 100 100 100 100 
Nd3 0 7 9 7  9 7 9 9 100 
FLA 9 8 9 9 9 9 99 100 10 0 
KCN 9 9 9 3 9 9 200 9 9 96 
Water 9 9 100 100 100 100 99 
b. Root l eng th  (mm.) 
Water 5 9 
i n  t h e i r  w a l l s .  However, \?hen t i s s u e s  s l i c e s  o f  
mustard cabbage s t a l k s  
e d i b l e  g inge r  rhizomes 
yel low squash f r u i t s  
"daikon" r ad i sh  roo f s  
l o t u s  rhizomes 
c a r r o t  r o o t s  
p o t a t o  tube r s  
eggplant  f r u i t  
were c u l t u r e d  i n  1 0 - ' ~  MnCIZ only t he eggplant  and nus t a r d  cabbage 
s t a l k  s l i c e s  showed b l ack  PhOZ depos i t s .  The d e p o s i t s  were alivays 
a s s o c i a t e d  w i t h  t h e  v a s c u l a r  bundles.  The f a i l u r e  of some t i s s u e  
s l i c e s  t o  o x i d i z e  t h e  manganese is thought t o  be due t o  t h e i r  low 
metabol ic  a c t i v i t y  rizther t h a n  t h e i r  t o t a l  i n a b i l i t y  t o  ca r ry  out 
t h e  r eac t ion .  This  problem is being f u r t h e r  i nves t iga t ed .  
To s tudy  t h e  phylogenet ic  argument, p l a n t s  of t h e  fol lowing 
s p e c i e s  were c u l t u r e d  i n  and 10-% &el2: 
Gymnosperms Armearia 
Ferns RzoZZa fiZCcuZoides (S a lv ineaceae)  
PZeope Ztis thumberg6ma (Grami i t idae l l  
NephroZepis exattat a 
PsiZotwn nudm 
Le ucobqum gZ aucwn 
Rhizo goniwn 
P s i l o t a l e s  
Mosses 
Algae UZva Zactuca 
Codiwn edzlZe 
Of t h e  above s p e c i e s  only AzoZZa fiZicu2oide.s formed any b l ack  d e p o s i t  
of Mn02. Thus i t  appears t h a t  he re  we have another  example of a phy- 
logeny i n  t h e  ox ida t ion  p o t e n t i a l  o f  peroxidase,  The anomalous r e s u l t  
wi th  AzoZZa fiZicuZoides does not: d e t r a c t  from t h i s  argument. The 
Salvineaceae a r e  heterosporous f e r n s  o f  very  u n c e r t a i n  a f f i n i t i e s  , 
This  i s  probably an  example of p a r a l l e l  evolu t ion .  The inab i l - i t y  of 
t h e  one gymnosperm s t u d i e d  t o  ca r ry  ou t  t h e  ox ida t ion  was no t  expected 
a s  i t  vas  thought t h a t  a l l  seed p l a n t s  were capable o f  conver t ing  
MnCIZ t o  &lo2. 
However, t h e  r e l i a b i l i t y  o f  t h e  above i n t e r p r e t a t i o n s  a r e  szrspeet 
when t h e  fol lowing r e s u l t s  a r e  considered. 
I h e n  cucumber t i s s u e s  a r e  inacerated and sepa ra t ed  i n t o  f i l t r a t e  
and t h e  supe rna t an t ,  and then mixed w i t h  ~ o - ~ Y  MnC12, no depos i t i on  
of MnQ2 occurred. Even t h e  add i t i on  of H202 and/or  gua iaco l  did not  
r e s u l t  i n  MnO formation. However, both t h e  superna tan t  and f i l t r a t e  2 
tu rned  brown i n  t h e  presence o f  H202 and guaiacol  i n d i c a t i n g  t h a t  
peroxidase was p re sen t  and a c t i v e ,  
S i m i l a r  experiments us ing  f i l t e r  papers  impregnated wi th  so lu-  
t i o n s  of Sigma Chemical Company crude peroxidase enzyme gave indent i -  
c a l  r e s u l t s  w i th  those  above. 
Both t h e  above r e s u l t s  prompted t h e  ques t ion  a s  t o  whether o r  
no t  i s o l a t e d  organs were capable o f  ca r ry ing  out the  ox ida t ion*  
Cucumber seedlings were separa ted  i n t o  cotyledons, hypocotyls and 
roots  and each was incubated separa te ly  with 1 0 - ' ~  &C12 f o r  three 
days. O f  these  organs only t h e  cotyledons had deposits  of f i i O Z  I n  
t h e i r  t i s s u e s  a f t e r  treatment. The roots  and hypocotyls d i d  not 
form MnO even when incubated f o r  seven days, y e t  when p a r t  aS an 2 
i n t a c t  p l a n t ,  they form deposits  of MnQ2 in t h e i r  t i s s u e s .  Perhaps 
something i s  wrong with t h e  maceration technique but  various modifi- 
ca t ions  of b u f f e r  pH, concentrat ion of MnOZ, concent r a t ion  of H 0 2 2 
or  t i s s u e  t o  incubating medium have had no e f f e c t .  There is no 
immediate explanation f o r  t h e  d i f f e r e n t  responses by t h e  t i s s u e s ,  
However, t h e  above r e s u l t s  do make the  angiosperm t i s s u e  slice 
experiments more comprehensible. 
Planganic nangaaes e w i l l  d issolve  i n  pyrophosphate a t  neut ra% 
pHs t o  y i e l d  a s t a b l e  manganipyrophosphate . Hotrever , manganese 
dioxide i s  insoluble  i11 neu t ra l  pprophosphate unless the re  a r e  free 
rnanganous ions  present.  Kenten and Mann noted t h a t  i n  t h e  above 
s i t u a t i o n  t h e  t i s s u e  remained brown colored. The brown color i s  
readily confused with t h e  end products of polyphenol oxidase activity, 
It is i n t e r e s t i n g  t o  note  a t  t h i s  point  t h a t  in a l l  t h e  expe&.ments 
where no 2h02 was formed t h e  t i s s u e  o r  macerate was always brawn o r  
yellow a f t e r  treatment with MnC12. The above explanation might 
explain why t h e  t i s s u e  e x t r a c t s  were unable t o  form Mn02 though 
inac t iva t ion  of  t h e  enzymes is st ill a p o s s i b i l i t y .  However, why 
organs which as p a r t  of t h e  i n t a c t  p l a n t  a r e  able t o  syn thes i ze  
MnOZ b u t  are nut able a s  i s o l a t e d  organs is not r e a d i l y  explained, 
Anomalous Deuterium I so tope  E f f e c t  on Se lec t ed  Enzymes 
For many y e a r s ,  h igh  concent ra t ions  of deuterium oxide (D 0 )  2 
have been known t o  i n h i b i t  t h e  processes  o f  many b i o l o g i c a l  systems. 
Katz,  e t .  aZ4, however, has  r ecen t ly  been s u c c e s s f u l  i n  c u l t u r i n g  a 
v a r i e t y  of microorganisms i n  completely deu te ra t ed  environments, In 
at tempts  t o  d iscover  t h e  molecular  b a s i s  f o r  t h e  e f f e c t s  o f  deuterium 
at t h e  organismic l e v e l ,  nlany i n v e s t i g a t o r s  have s t u d i e d  t h e  effect 
of heavy wa te r  on t h e  a c t i v i t y  of var ious  enzymes. The r e s u l t s  of 
t hese  s t u d i e s  sugges t  t h a t  t h e  s u b s t i t u t i o n  of D20 f o r  H 0 generd ly  2 
r e t a r d s  enzymatic r e a c t  i ons  ; f o r  example, see colmans, The amount 
of i n h i b i t i o n  is d i r e c t l y  p ropor t iona l  t o  t h e  moun t  of i s o t o p i c  
s u b s t i t u t i o n .  Bowever, s o  work h a s  been done on deu te ra t ed  enzymes 
i n  aqueous media. Th i s  paper  p re sen t s  evidence f o r  a s t i rnulatory 
deuterium e f f e c t  on c e r t a i n  enzymes i n  aqueous and deut e r a t  ed 
envi  ronmen t s , 
The c o m e r l c a l l y  a v a i l a b l e  enzymes used i n  t h i s  s tudy  were: 
c r y s t a l l i n e  peroxidase ,  l a c t a t e  dehydrogenase (LDH), &-amylase m d  
6-glucosidase. The a c t i v i t y  of each enzyme was assayed according 
t o  s t anda rd  procedures:  pe rox ida t ion  of gua iacol ,  LDH ca ta lyzed  
reduct ion  of f e r r i c y a n i d e ,  a-anylase ca ta lyzed  hydro lys i s  of starch, 
and t h e  6-glucosidase ca ta lyzed  hydro lys i s  o f  s a l i c i n .  The cwstal- 
l i n e  enzymes were d i s so lved  i n  both R 2 0  and D20 and allowed t o  
e q u i l i b r a t e  f o r  a t  l e a s t  f o r t y  e i g h t  hours6.  Following t h i s  exchange 
period,  four  a c t i v i t y  determinations f o r  each enzyme were ca r r i ed  
out : (1) water  control ;  (2) complete deutera t ion of enzyme, sub- 
s t r a t e  and environment; (3)  deuterated enzyme i n  an aqueous enarlronr- 
ment; and (4) non-deuterated enzyme i n  a deuterated environanenr, 
Primary and secondary isotope e f f e c t s  were dist inguished i n  t h e  
following way. Thermal-inactivation experiments using peroxidase 
(Fig. 2)  ind ica ted  t h a t  complete s u b s t i t u t i o n  of deuterium f o r  
protium "lowers" t h e  temperature-environnent of an enzyme, thus 
increasing i ts  thermal s t a b i l i t y  and lowering i ts overa l l  rate of 
7 reaction.  P a r a l l e l  Km determinations , i n  agreement with Kaiser , 
sho~red no s i g n i f i c a n t  d i f ferences  between t h e  E- and D- enzymes. 
Therefore, it was concluded, the primary e f f e c t  of deuterium oxide 
on enzymes was a "cooiing" one, manifested i n  a lower o v e r a l l  rate 
of catal.ysis and increased thermal s t a b i l i t y  when compared t o  i t s  
water control .  Any o t h e r  deuterium-rate e f f e c t s  thus,  a r e  assumed 
t o  be secondary i n  nature .  
The e f f e c t  of varying concentrations of D O on t h e  a c t i v i t y  2 
of peroxidase is presented i n  Table 7. The VD/Vz r a t i o s  f o r  this 
en.zyne a r e  assumed t o  b e  the  approximate norm f o r  enzymes tfhich 
exhibi t  only a primary deuterium e f f e c t  . 
The d a t a  presented i n  Table 7 demonstrates a previously 
unreported secondary isotope e f f e c t  of deuterium on enzymes. This 
e f f e c t  causes an enhancement of t h e  overa l l  r a t e  of reaction of 

Enzyme 
Table 7. Act iv i ty  of Enzymes i n  D20. 
Velocity i n  D20/Velocity i n  100% H20 
Composition of react ion media 
Peroxidase 1.00 0.90k.021 0.81 0,541- ,03 
8-Glucos idase  1.00 21.00k.02 21, 00 
Lact ic  acid 
dehydrogenase 1.00 
tlie deuterated enzymes when compared t o  t h e i r  water  controls  . Using 
t h e  VD/VR r a t i o s  of peroxidase as a c r i t e r i o n ,  a-amylase e*ibies a 
marked enhancement of i t s  a c t i v i t y  i n  a 50 per  cent deuterium environ- 
ment (Table 7). L2I3 a c t i v i t y  i s  a l so  st imulated,  with t h e  completely 
deuterated system running 1.67 t i m e s  f a s t e r  than its protium analogue 
(Table 7). 8-glucosidase &so seems t o  exh ib i t  t h i s  e f f e c t ,  howevex, 
nore determfnation must be nade with t h i s  enzyme before  any d e f f n l t e  
conclusions &out it a r e  reached (Table 7) .  
The explanation of t h i s  e f f e c t  is not immediately obvious. As 
previously mentioned, t h e  Km of t h e  enzymes remains constant irrespec- 
t i v e  of solvent .  Apparently, then,  the  enhancenent e f f e c t  cmnot  b e  
explained on t h e  b a s i s  of subs trate-enzyme af f i n i t y  , o r  enzyme-substrate 
complex dissocia t ion.  It has  been reported by Tomita and RichB that 
complete deutera t ion extends t h e  a-helix of a p ro te in  and increases  
the length  of t h e  hydrogen bonds. It seems reasonable t o  propose 
then, t h a t  t h e  stirnulatory e f f e c t  deutera t ion has on some enzymes 
could b e  a t t r i b u t e d  t o  t h i s  type of conformational change aromd 
the  a c t i v e  s i te  of t h e  enzyme, thus enabling s u b s t r a t e  molecules 
t o  more e a s i l y  e n t e r  i n t o  reac t ive  complexes with t h e  enzyme. On 
the  b a s i s  of thermodynamic data ,  Osakl and walaasg have used this 
argument t o  explain t h e  i a h i b i t o r y  e f f e c t  of D20 on ferroxidase.  
Although t h e  e f f e c t s  are d i f f e r e n t  , t h e  mechanism could be  the same, 
and w i l l  subsequently be inves t igated .  
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